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|. Introduction

The purpose of this docunent is to describe a science policy
in the Ofice of Pesticide Prograns (OPP) for the selection of
appropriate endpoints for assessing potential risks to hunans
exposed to cholinesterase inhibiting pesticides. In addition, it
will propose a series of steps for conducting risk character-
i zations for these chem cals.

Regul at ory decision nmaking in EPA is described in two najor
steps, risk assessnent and risk managenent. Ri sk assessnents
define the potential adverse health effects which may occur in
i ndi vi dual s or popul ations, while risk managenent wei ghs regul atory
alternatives and integrates the risk assessment with social,
econom c, and political concerns. (NAS, 1983).

Ri sk assessnent contains four steps: hazard identification,
dose response assessnent, exposure anal ysi s, and risk
characteri zation.

Ri sk assessnents for systemc toxicity are generally based on
the derivation of reference doses (RfDs)!?. Ref erence doses are
cal cul ated by dividing the no effect |level (NOEL), or other point
of departure (e.g., an ED, or other benchmark dose), usually for
the nost sensitive endpoint, called the critical effect, by
uncertainty factors (UF). These values are then conpared to the
potential exposure levels in the risk characterization, which fully
describes the nature and extent of the risks posed, and the
[imtations and uncertainties involved.

Chol i nesterase inhibition (ChEl) and cholinergic effects
resul ting fromexposure to organophosphat e and car bamat e pesti ci des
have |long been promnent effects of concern to the USEPA in
assessing environnental health risks. The O fice of Pesticide
Prograns (OPP) Reference Dose Tracking Report (3/28/97) lists over
50 Reference Doses for chronic exposure al one based in whole or in
part on cholinesterase inhibition. If we consider that acute
di etary exposure endpoints, short term and internedi ate exposure

1" A Reference dose is an estimate, with uncertainty
spanni ng perhaps an order of magnitude, of a daily exposure to
human popul ati ons, including sensitive subgroups, that is likely
to be without appreciable risk of deleterious effects during a
lifetime. RfD = NOEL/UF. Application of uncertainty factors
typically involves use of 10 for intra-species differences and 10
for inter-species extrapolation, a total of 100, standard factors
for systemc toxicity. Conparable evaluations for acute, short
term or intermedi ate exposures are derived in exactly the sane
way.
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endpoints are al so generally needed for risk assessnents, and that
ChEl is nost often the critical effect for those exposure
categories, there are probably over 100 specific risk assessnents
based on this endpoint for roughly 50 chem cals.

For at | east the last ten years, OPP has based these reference
doses on the critical effects of plasma, red blood cell, and brain
ChE inhibition, or functional effects, and has used the sane
uncertainty factors, e.g., 10 for inter-species and 10 for intra-
speci es extrapolation, for all of those endpoints. Further, OPP
has used statistical significance, rather than a fixed generic
di fference frombaseline, e.g., 20%inhibition, as the primary, but
not exclusive determ nant of toxicological significance. Both the
use of uncertainty factors and this use of statistical significance
are consistent wth EPA practice for nbst systemc toxicity
endpoi nt s.

A. Previous EPA Policy Proposals and SAP/ SAB Revi ews

There have been four major external groups in the last 10
years that have been asked by EPA to revi ew proposed sci ence policy
positions for this type of neurotoxic effect. One peer review
col I oqui um (US EPA, 1988) and two SAB/ SAP neetings (US EPA, 1990,
1993) considered EPA reports in this area. A SAP/SAB review in
1992 of a proposed reference dose on aldicarb al so addressed t hese
i ssues (US EPA, 1992). Each of these groups provided sonmewhat
different recomendati ons, based in part on the different policy

proposals, as well on their differing judgnents. The area of
gr eat est di vergence anong these reports and in these
recomendations, involves the interpretation and use of blood

measures of ChE inhibition for deriving reference doses.

Two other federal groups have issued general guidelines on
neurotoxicity risk assessnent that have nentioned this area.

Qutside of EPA, two mmjor regulatory groups have published
their views of the use of this type of neurotoxicity data.
A group of experts, on behalf of the United Nations Environnent
Programme, the International Labour Organisation, and the Wrld
Heal t h Organi zation, have described the evolution of positions in
various groups neeting for those bodies on the wuse of
chol i nesterase inhibition data (WHO, 1990). A manual of The
Departnent of Pesticide Regulations of the state of California al so
provi des draft guidance on the use of cholinesterase inhibition
data in risk assessnents for pesticides (Lews, 1993). The
sections quot ed bel ow are focused on the discussions related to the
interpretation and use of bl ood neasures, and sonme considerations
regardi ng uncertainty factors and statistical analysis.

2
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1. 1988 RAF Peer Revi ew Col |l oqui um

In 1988 a Peer Review Panel for the EPA R sk Assessnent Forum
revi ewed an EPA Techni cal Panel Report on Cholinesterase I nhibition
as an Indication of Adverse Toxicologic Effect (June 1988).

On the adversity of ChE inhibition the follow ng consensus
concl usi on was report ed:

" After considerabl e discussion, the Review Panel agreed with
t he concl usi on of the Techni cal Panel that inhibition of brain ChEs
is an adverse effect. Statistically significant inhibition of
blood ChEs is sufficient indication of a potential adverse
bi ol ogical effect, and reversible effects should be taken as
seriously as irreversible effects. Concern however, was expressed
that there are no data to support a sinple correlation between a
particular ChE inhibition level and an observable biological
effect.”

In response to a question about what |evel of ChE inhibition
constitutes toxicological significance, they concluded: "In
general, the Review Panel agreed with the Technical Panel's
concl usion that baseline, pre-exposure ChE | evel s provi de the best
basis for statistical conparisons.” (This was, in part, in
contrast to use of a generic value of 20% as a threshold for
t oxi col ogi cal significance).

2. 1990 SAB/ SAP Meeting

In 1990, an SAP/ SAB panel considered a revised EPA Techni cal
Panel report and recommendations. On the issue of adversity of
bl ood neasures they concl uded:

"The Joint G oup expressed doubt about the validity of plasma
and red blood cell (RBC) cholinesterase inhibition (ChEl) as
indicators of toxicity. Menbers pointed out that these neasures
could not be correlated with recogni zed adverse effects. In fact,
such neasures may indicate that the organisms defenses against
toxicity are intact."

On the issue of uncertainty factors they concl uded:

Base the criteria for adverse effects upon adverse effects.
That is, define an adverse effect on the basis of functional
(behavi oral, electrophysiological) mneasures, acconpanied, where
f easi bl e, by norphol ogical indices..."

Repl ace t he NOAEL/ UF strategy with one based on t he ki nds of
dose-consequence data available...” "From these, distill a
specified |level of ChEl, based on say, a 10% decrenent of
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performance. To the 95%I| ower bound, attach a UF to yield the RfD."

3. 1992 SAB/ SAP Meeti ng

Anot her EPA ChE policy report was revi ewed by anot her SAB/ SAP
Panel in Novenber of 1992 (US EPA, 1993). On the use of blood
measures alone for risk assessnent, they concl uded,

"The Comm ttee reached no sinple "yes" or "no" answer on the
question of using cholinesterase inhibition, by itself, for risk
assessnent purposes.”

"There was full agreenent anong the Conmttee nenbers that
bl ood cholinesterase inhibition is a biomarker of exposure, and
that data regarding inhibition of the blood enzynmes are often
cruci al supporting data for confirm ng exposures and corroborating
clinical signs. W recomend that the Agency's policy continue to
i ncl ude the use of bl ood cholinesterase data in the risk assessnent
process, in particular in human studi es where chol i nesterase data
fromthe target tissues of nost concern (i.e., brain and peri pheral
nervous systen) are unavail able."”

This Commttee also enphasized that "The inclusion of
bi ochem cal data regarding cholinesterase inhibition with these
signs and synptons is considered essential for the conplete hazard
eval uation for these conpounds."” Last, they supported the use of
statistically significant brain ChE inhibition for setting
reference doses, but noted the inportance of regional neasures and
correl ative bl ood neasures.

4. 1992 SAB/ SAP Al dicarb Rf D Revi ew

On the next day, in response to a question concerning the use
of blood cholinesterase data for aldicarb and in general, another
SAP/ SAB panel gave the foll ow ng response.

" The commttee felt in general that blood ChEl data are
highly relevant to determ nation of NOCELs, NOAELs, and RfDs. As
detailed in a separate report, it was felt appropriate to enphasi ze
functional data that are obviously related to toxic effects, that
are quantitative and denonstrate a dose response. It was expected
that ChE would usually be a sensitive and rel evant variable, both
as a quantitative predictor, as a neasure of exposure per se, as an
i ndex of the depletion of what may represent a protective buffer or
bi ol ogical site for ChE inhibitors and as a bionarker of effects
occurring outside of the central nervous system Finally, this
variable is the only one which is directly conparable from ani m
studies to human studies. The final consensus was that both
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chol i nesterase data and clinical/functional findings be used where
appropriate and that regardl ess of how derived, RfDs should ensure
that there would be no significant cholinesterase inhibition. The
commttee recomended the subm ssions contain cholinesterase data
but that those consisting solely of cholinesterase data not be
consi dered. "

B. 1994 FCCSET and 1995 EPA Neurotoxicity Ri sk Assessnent

Gui del i nes

Bot h a Federal Coordinating Council for Science, Engineering,
and Technol ogy (FCCSET) and EPA have published guidelines for
neurotoxicity risk assessnment that address in part, the issue of
ChE i nhi bition.

The FCCSET docunent (US EPA, 1994) rather tersely notes
“Inhibition of this enzyme (AChE) in brain may be considered
evi dence of neurotoxicity, whereas decreases in AChE in bl ood
whi ch can easily be determ ned in humans, are only suggestive of a
neurotoxic effect.”

A proposed EPA Neurotoxicity Risk Assessnent Cuideline (US
EPA, 1995c) also briefly reviews the issue of ChE inhibition. It
concludes that "statistically significant decreases in brain
chol i nesterase inhibition could be considered to be a biologically
significant effect" but describes a lack of consensus about
"whet her RBC and/or plasma cholinesterase represent biologically
significant events.” An SAB neeting in 1996 (US EPA 1997b) to
review the draft guideline was asked to address 2 issues: "the use
of blood and/or Dbrain acetylcholinesterase activity as an
i ndi cation of neurotoxicity for risk assessnent”; and "Consi dering
the avail abl e data and the state of the science, does the SAB agree
with the recommendation that inhibition of RBC and/or plasm
cholinesterase can serve only as a biomarker of exposure? (Drs.
Pfitzer, Weiss)."

Their response was " The Conmi ttee addressed these two issues
t oget her because of their close relationship. The EHC concurred
with the findings of previous SAB reviews regarding the
consideration of data on the inhibition of RBC and/or plasm
chol i nest er ase. In the absence of clinical signs in humans or
animals or the absence of norphological data in aninmals, the
quantitative nature of the inhibition of red blood cell (RBC
and/ or plasma cholinesterase inhibition is considered unreliable
for assessing significant biological adverse changes, but can be
used as a biomarker of exposure. The Committee al so recommended
that a noted decline in brain ChE should be evaluated by risk
assessors in terns of possible effects that are biologically
significant, and that the term"statistically significant" needed
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to be better explicated - perhaps in terns of the benchmark dose or
by sone neasure which reflected informati on about the distribution
of the effect under study. The Committee al so suggested that
further details concerning reversibility and possible tolerance
effects (which could enhance sensitivity to other agents) be
provi ded. "

C. 1990 Experts for UNEP, 1LO and VWHO

A group of experts, on behalf of the United Nations
Envi ronnment Programme, the International Labour Organisation, and
the Wirld Health Organi zation, have described the evolution of
positions in various groups neeting for those bodies on the use of
chol i nesterase inhibition data (WHO, 1990).

From 1967-1982, their review groups used plasma and RBC ChE
inhibitionintheir risk assessnent docunents, but noted that bl ood
measures were not useful "as an invariable guide to the degree of
i ntoxi cation present or predicted."”

In 1982, they reconsidered their position and focussed on the
use of RBC AChE since it contained AChE, and pronounced as
biologically significant a "reduction of >20%of pretest levels in
the same animals in short duration studies, or in concurrent
controls in longer studies.” No further rationale for this 20%
| evel is provided.

I n 1988, t hey not ed "t he correl ation bet ween
acetyl cholinesterase inhibition in erythrocytes and in the nervous
systemis usual ly unknown" and found brain | evels of ChEl to be of
greater value, but noted that RBC ChEl was still better than
pl asma. They also noted that " in vitro kinetic studies may be
necessary for pesticides with anti-esterase activity."

Last, they noted <concerns about ChE nethodology for
carbamat es, and the adequacy of reporting of assay details, and
concluded that "The results obtained in in vivo studies should be
interpreted cautiously wuntil nore satisfactory nethods are
avail able. ™

D. 1993 California DPR Gui dance

Lews (1993), for the Departnent of Pesticide Regul ation of
the state of California, has also witten draft gui dance on the use
of cholinesterase inhibition data in risk assessnents for
pesticides. Wiile brief, this docunent contains a detailed review
of literature related to the interpretation of changes in ChE
measures in the absence of clinical signs.
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Wil e noting the species differences in the anount of AChE in
rats and humans, they conclude that bl ood ChE of any kind will not

be regarded as an adverse effect. They cite a nunber of ani mal
studies to indicate that a wide range of |evels of brain ChEl may
be associated with overt signs, i.e., 15-80% They concl ude that

"if there is statistically significant inhibition of brain ChE
inhibition (sic), there is probably sone del eterious effect on the
neur ol ogi cal system"” They note that ChE decreases in peripheral
ti ssues should also be regarded as adverse. After review of
studies on variations in ChE neasures wthin and between
i ndi vi dual s, they endorse the use of concurrent controls for |ong
term studies, or the use of individual pre-exposure neasures for
acute and subchronic studies, if available.

Wi | e not supporting the general use of bl ood neasures of ChEl
for risk assessnments, they go on to note a nunber of instances
where that m ght be done:

first, in animal or human studies where brain ChE was not
measured, using the blood neasure, plasnma or RBCs, which best
correlated with brain ChEl in other studies;

second, "if there is strong evidence... that the chem cal does
not penetrate the bl ood brain barrier and therefore the cholinergic
effects are predom nantly peripheral in origin."

They woul d al so use the bl ood neasures if peripheral tissue
| evel s were not available and if the cholinergic effects correl ated
wi th the bl ood neasures.

E. D scussion

Wiile the Agency thus far has been unable to define a
consensus policy, the Ofice of Pesticide Prograns has, of
necessity, continued to eval uate pestici des and set reference doses
(for chronic and short termexposures) for the organophosphate and
carbamat e cholinesterase inhibitors.

In line with recent plans in response to the passage of the
Food Quality Protection Act (FQPA), OPP will need to reassess the
tol erances for all of the OPs by August of 1999. Thus, it has
becone a pressing need, to define a consi stent approach for the use
of these data in risk assessnent. In the face of the additiona
needs under FQPA for investigating cunulative risks from exposures
to chemcals with conmon nmechani sns (which at | east sonme OPs woul d
seemto share), the need becones all the nore acute.

The remainder of this paper consists of a sunmary science
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policy statenment and nore detailed guidance on evaluation of
functional data, 1i.e., clinical signs, human synptons, and
behavi oral effects, ChE nmeasures in brain and bl ood; and a series
of steps and anal yses to conduct risk characterizations to support
conpletion of the risk assessnents and to provide a framework for
consi stent risk nmanagenent deci sions.
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1. Science Policy Statenent

A. For an adequate evaluation of a ChE inhibitor, the
essential elenments of a critical study or a data base should
i ncl ude:

I data on clinical signs (and synptons in humans);
ot her functional effects related to ChE inhibition;
measurenents of CNS and PNS AChE i nhibition;
pl asma and RBC ChE i nhibition.
data on the tine of peak functional and bi ochem cal effects.

B. Cinical signs and ot her behavi oral or neurophysi ol ogi cal
effects related to cholinesterase inhibition in humans and ani mal s,
and synptons i n humans provi de direct evidence of adverse effects?.

Most commonly reported in humans are headache, nausea, and
di zziness. Anxiety and restlessness are prom nent. Wrsening may
result in nuscle twtching, weakness, trenor, incoordination,
vom ting, abdom nal cranps, diarrhea. Oten prom nent are sweati ng,
salivation, tearing, rhinorrhea, and bronchorrhea. Blurred and/or
dark vision, and mosis may al so be seen. Tightness in the chest,
wheezi ng and productive cough may progress to frank pul nonary
edema. Bradycardia nmay progress to sinus arrest, or tachycardi a and
hypertensi on. Confusion, bizarre behavior, and toxic psychosis my
occur. I n severe poi sonings, toxic nmyocardi opat hy, unconsci ousness,
i nconti nence, convul sions, respiratory depression and death may be
seen. Repeated absorption, but not enough to cause acute poi soning
may result in persistent anorexia, weakness, and nal ai se.

(U. S. EPA 1989)

C. Inhibition of acetylcholinesterase in the central nervous
systemis an indicator of an adverse effect because it interferes
with the tinmely de-activation of neuronal acetylcholine, which
prol ongs the actions of cholinergic neurons which results in the
adverse effects associated with these chem cal s.

D. Inhibition of acetylcholinesterase in the peripheral
nervous system or at neuroeffector junctions is, by the sane
mechani sm an indicator of adverse effects on the peripheral
nervous system

2 Adverse effects include alterations from baseline that
di m nish an organismis ability to survive, reproduce, or adapt to
the environnment. (U S. EPA 1995)
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E. Blood cholinesterase inhibition** represents an indirect
i ndi cat or of adverse effects on the nervous system \While bl ood
measures of ChEl are not adverse in thensel ves, they are generally
the only available estimator of ChEl potential in the peripheral
nervous system since data on ChEl in peripheral nervous tissues or
target organs are rarely avail able. In humans, blood ChEl
measures serve as the essential estimators of ChEl potential in
both the central and peripheral nervous systemnms, since neither CNS
nor PNS or rel ated organ ChEl neasures are avail abl e.

F. OPP will use a weight of evidence (WXE) approach to sel ect
the appropriate endpoint for risk assessnment. This includes
anal ysi s and conpari son of the dose effect data fromall avail able
studies, a description of the strengths, weaknesses, and
limtations of the data, identification of data needs that m ght be
needed to refine the data base, and finally the application of our
best scientific judgnents. Based on this weight of the evidence
analysis for any ChE inhibiting pesticide, OPP may select as
critical effects:

I clinical signs and ot her behavioral or neurophysiol ogical
effects in humans and ani mal s;

I synptons in hunmans;

I central or peripheral nervous tissue neasures of ChE
i nhibition; or

I bl ood neasures of ChE inhibition.

G There are a nunber of instances where the use of bl ood ChE
inhibition can be nore readily justified as a critical effect for
a risk assessnent based on the weight of evidence analysis of the
avai |l abl e data. Exanples include but are not Iimted to:

1. A pesticide which, based on aninmal data, exhibits a steep
dose effect curve for the devel opnent of progressively nore severe
toxic effects and where blood ChEl is the nost sensitive effect;

2. A pesticide for which, the LOELs and NOELs for various
indicators of ChEl are essentially the sane;

3. An OP for which there is evidence from toxicity,

3 Bl ood cholinesterase in this docunent refers to both
pl asma chol i nesterases and red bl ood cell acetyl cholinesterase
(AChE)

4 While human plasma is predomi nantly butyrlcholinesterase
(BuChE), (AChE: BuChE, 1:1000), in rats, plasma contains a
consi der abl e anount of AChE (AchE: BuChg, 3:1; nales)(Brimjoin,
1991) .

10
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met abolism or pharmacokinetic studies, or other sources, to
indicate that it poorly penetrates the blood-brain barrier such
that its potential effects woul d be expected to be nediated | argely
t hrough the peripheral nervous system

4. An OP for which the avail able hunan data are judged to be
the nost critical data for risk assessnent and where bl ood ChEl is
the nost sensitive effect. In the absence of brain ChE activity
measur enents, which are not nmade in human studies, the inhibition
of blood ChE activity can serve as an indirect indicator of
potential adverse effects in the CNS.

5. Wien there is a wde disparity in doses between those
affecting blood ChE and other paraneters and when there is an
absence of other data (see |I. bel ow).

H The primary objective of the WOE analysis is to determ ne
the critical effect and cal cul ate a reference dose (RfD) or margin
of exposure (ME)S. Eval uation of statistical and toxicol ogical
significance® and application of uncertainty factors, e.g., 10 for
inter-species and 10 for intra-species extrapolation, will follow
the established procedures for assessing potential human risk.

. \Were there are significant uncertainties regarding the
avail abl e data or the resulting risk characterization, aniterative
process for refining the risk characterization should be foll owed.
Refinenents of the risk characterizations are intended to provide
risk managers with analyses that wll allow them to evaluate
potential risks, including evaluation of risk mtigation options in
a way that is clear, transparent, and consistent. These steps nay
i ncl ude:

I Collection of additional data, to address a nunber of issues
such as: to provide better dose effect data and to refine NOCELs;

to provide data on PNS ChE
to provide data on netabolism pharnmacokinetics and
phar macodynam cs; or

> Amargin of exposure is the ratio of the no effect |evel
to the exposure | evel, NOEL/ EXPOSURE LEVEL = MCE.

6 Wiile statistical significance is the primary enpirical
measure inherent in the experinental design, it is recognized
that judgnment is inportant in considering the toxicol ogical
significance of very small changes in a data set with snal
variability, or the lack of statistical significance of |arge
changes. Historical control data or additional analyses may help
address such issues. (See also, US EPA 1993, p 15)

11
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to provide direct data on exposure routes of interest;

I Refinenment of dose response assessnents by eval uating LOELs
and NCELs for all conpartnents, and by defining as conpletely as
possible dose effect data for all critical effects and/or
conpartment s

I Repeating the risk characterizations for the expanded data
base and refined dose effect data.

l11. CGuidance For Evaluating Chemically I nduced ChE Inhibition

There are 2 major divisions of the nervous system both of
which contain cholinergic pathways that my be affected by
chol i nesterase inhibitors:

t he peripheral nervous system (PNS) consisting of skeletal
nmuscl e, and tissues of the autonom c nervous system consisting of
ganglia of the synpathetic and parasynpathetic nervous systens,
snoot h nuscl es, cardiac nuscle, and glands;" the enteric nervous
system "and ...the central nervous system (CNS), consisting of
brain and spinal cord."(Denmenti, 1996).

Access of chem cals to the central nervous systemis limted
by the blood brain barrier. Lacking such a fine barrier, the
peri pheral nervous system is nore accessible to many chem cal s.
Many of the typical adverse effects of ChE inhibitors may be
peri pherally nedi at ed.

A. Functional Effects

Clinical signs and synptons in humans, clinical signs in
ani mal s, and neurobehavioral effects in both humans and aninmals
are the physiol ogical and behavioral effects typically associated
Wi th exposure to ChE inhibitors and are nost generally regarded as
adverse and therefore considered first in defining critical
effects. In addition to the common physiol ogical cholinergic
signs, many nore conplex functions may be inpaired by ChE
inhibition in the peripheral or central nervous system They my
be produced following acute or repeated exposures, and would
requi re exhaustive and specialized testing for conpl ete eval uati on
(See Denenti, 1996).

CGeneral ly, evaluation of clinical signs and behavioral effects
depends on the scale of neasurenent (descriptive versus
quantitative), nunber of subjects, the power of the study and
statistical significance, and toxicological significance. The

12
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spectrumof effects that can be evaluated in humans is greater than
the effects generally studied in animals, but is often limted in
avai lable studies of either species. Learning and nenory
eval uations, for exanple, are rare, though they are a potentia
target of ChE inhibitors due to the role of cholinergic systens in
t hese functions. Repeat ed exposure, due to the devel opnent of
tol erance for clinical signs, sonetinmes can fail to produce typical
signs of acute toxicity in the presence of extensive changes in
neurochem stry (See Denenti, 1996)

Different chemcals nmay and generally do produce different
spectra of clinical signs and behavioral effects. This conplexity
in part may arise fromdifferences in distribution between the CNS
and PNS, differential binding in those conpartnents, or
differential interactions with the 2 major types of cholinergic
receptors, nuscarinic and nicotinic receptors. The nature and
tenporal pattern of effects may al so depend on the rate of exposure
and whet her netabolic activation is needed.

Due to our limted understandi ng of the precise rel ati onshi ps
bet ween behavi oral and neurochem cal neasures of ChEl, we seek both
types of nmeasures for an broader perspective on potential effects.
This has been a general tenet in testing for neurotoxicity, i.e.,
to examne effects at different levels of organization of the
nervous system and mrrors the broad efforts in toxicology at
proceeding fromidentification of hazards to an understandi ng of
t he bi ochem cal nechani smof action. Since the generally accepted
mechani sm of action of these chemicals is the neurochem cal
inhibition of AChE, these neasures are the presunptive choice as
t he bi ochem cal correlate of the functional effects.

B. Neurochem cal Effects

1. CNS AChE Inhibition

Data on CNS acetyl cholinesterase inhibition typically cone
from ani mal studies, in which whole brain honogenates (or brain
regions) are assayed periodically or, nore commonly, at the end of
exposure. Statistically significant decreases in brain ChE are
generally considered toxicologically significant because they
define a change in nervous system functions, by blocking the
degradation of ACh and prolonging the action of the nerve cells.
This effect in the brain and peripheral nervous system is the
generally accepted nechanism by which the expected overt and
adverse effects are caused. Brain cholinesterase inhibition
provi des direct evidence of adverse effects on the nervous system

13
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and may be used to define a critical effect.

As noted earlier, concomtant evaluation of clinical signs,
behavioral effects, and blood ChE inhibition are considered
essential for an overall evaluation of a pesticide. Reductions in
brain ChE activity nmay or may not be acconpani ed by overt clinical
signs or synptons because many behavioral and physiol ogical
effects, including death, may be predom nantly nedi ated t hrough t he
peri pheral nervous system Further, the CNS functions potentially
affected my not be sufficiently assessed. Whole brain
measurenents may also mask changes in specific brain regions
associated wth particular functions (e.g., hippocanpus and
menory). Time of assessnment as well as other factors generally
affecting these neurotoxicity studies nmay also contribute to the
| ack of concordance.

2. Peripheral Nervous System and Neuroeffector ChE | nhibition

As with the CNS, inhibition of acetyl cholinesterase in the PNS
and neuroeffector junctions is an indicator of adverse effects in
the PNS. Although PNS ChEl has rarely been evaluated in
t oxi col ogical studies submtted to EPA, there have |ong been
recognition of the potential val ue of such data, and there is nerit
in developing and standardizing techniques to assess this
conpartnent. Many of the adverse signs and synptons associated with
exposure to ChE inhibiting pesticides, e.g. diarrhea, excess
salivation, are peripherally nedi ated.

3. Blood ChE I nhibition

Bl ood chol i nesterase inhibition provides direct evidence of
exposure but only indirect evidence of neurotoxicity or adverse
effects. There are nmany reasons why the blood neasures of ChE
shoul d be considered as an appropriate endpoint for derivation of
reference doses as a matter of prudent science policy. Bl ood
measures are generally the only available estimator of ChEl
potential in the peripheral nervous system so while they are not
adverse in thensel ves, they can be a unique indirect neasure of
potential PNS toxicity. In humans, neither CNS nor PNS ChEl
measures are available, so blood ChEl neasures serve as the
essential estimators of both central and peripheral nervous system
ChEl potential.

Blood ChEl is not only a neasure of exposure, but also a

measure of a pesticide's ability to bind to AChE. This is because
the binding of a pesticide to the neural and bl ood enzyne AChE is

14



OPP ChE Policy
April 1997

essentially the sanme, or in the case of BuChE at |east sonmewhat
simlar. Pharmacokinetically, both the blood and the periphera
nervous systemare outside the CNS. So for pesticides with limted
penetration of the blood-brain barrier, blood ChE nmeasures nmay be
much better indicators of PNS ChEl activity than brain neasures.

RBC AChE is typically regarded as all AChE in humans and
animal s, and plasma ChE is often viewed as BuUChE. Since in neurons
AChE is the active ChE, it is naturally considered that RBC AChE
nmore closely reflects neuronal activity, and that plasna BuChEs
appear |ess relevant. But the conposition of plasnma ChEs vary
wi del y between humans and rats* Plasnma ChEs in rats may contain
nostly AChE, the neuronal form Thus, for rat studies, the nost
comon test species, a significant portion of plasma ChEl nay be
due to AChEl, the formnost directly relevant to neural functions.
I n ot her cases, for uncl ear reasons, enpirical correl ati ons between
pl asma and brain ChE nmay exceed those between RBCs and brain ChE
(see Denenti, 1996; al so ACRA Case study 1).

Denonstration of inhibition of both plasma and RBC ChEs in
workers (in the absence of signs, synptons, or other behaviora
effects) arerightly considered as providing sufficient grounds for
conpani es/ agenci es to renove workers fromthe exposure envi ronnent.

As for CNS effects, functional evaluation of the peripheral
nervous system may be quite limted, e.g., for cardiovascular
effects.

Further, neasurenent of ChE activity at peripheral target
sites is rarely done. So, for nost pesticide data bases, the only
avail able estimate of ChE inhibition in the PNS will be the bl ood
measures of ChE.

Limted reporting of nethodological details or of assay

conduct are very common in available studies. In sone cases, the
met hods as used may underestimate red bl ood cell AChEI. |Increased
variability (coefficients of variation) related to assay conduct
can decrease the sensitivity of the assay, i.e., wll require

| arger levels of inhibition to achieve statistical significance.
Further details and current efforts in OPP directed at these i ssues
are discussed in other parts of this package (Hanmernik, 1995).

Many ot her factors can i nfluence the observed pattern of bl ood
ChE inhibition. These include a) the tinme course and reversibility
of inhibition, b) time of measurement with respect to the tine
course of inhibition, c¢) whether or not the inhibitor 1is
metabolically activated, d) analytical nethodology used, and e)
whet her conpari sons are made with pre-exposure neasurenents in the
sane subjects or separate control groups (See Denenti for further
di scussi on).

15



OPP ChE Policy
April 1997

| V. @idance for Ri sk Assessnents of Cholinesterase Inhibitors

A. Dose Response Assessnent: Wi ght of Evidence Analysis for
selection of critical effects.

A wei ght of the evidence approach for evaluation of any ChE
i nhi bitor shoul d consider all of the available data fromani mal and
human st udi es, and human exposures to identify the hazards and the
exposure |l evels at which they occur. First the individual studies
are evaluated, then all studies and their relation to one anot her
are examned in concert.

1. Analysis of Individual Studies

Each study may include ChE neasures in blood and brain, PNS
(though rarely), clinical signs and synptons (from humans, if

avai lable), and other functional data. Following critica
eval uation of the validity of a study, No-observed-effect-Ilevels
( NCELSs) and/ or | owest - observed-effect-1evels (LCELS) are

determ ned. The eval uation of each study i nvol ves consi deration of
the study design including dose spacing, the analytical and
behavi oral net hods used, whether pre-exposure data were obtained,
t he conduct of the study, the statistical analysis and significance
(both statistical and biological) of the results, the slope of the
dose response and dose effect curve(s), the consistency of the
findings within the study when repeated neasures are taken, and t he
relation of the effects seen to one anot her.

2. Analysis of the Data Base

When eval uating the entire database, consistency of LOELs and
NOELs for clinical signs, behavioral effects, ChEinhibitionin the
various conpartnments, in different studies within a species, across
speci es, across durations of exposure, and across routes all may
contribute to the wei ght of the evidence for the critical endpoints
needed. Pharmacoki netic data may al so be inportant.

3. Selection of the Critical Effect

Typically, acritical effect level is selected for a route and
duration of exposure that represents the nost sensitive effect
seen. Based on considerations of the weight of the evidence from
all of the studies as a group, this level nay or may not be the
| owest one in which an effect was seen. Valid and reliable human
data, when avail abl e, take precedence.
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An RfD for chronic dietary exposures is then derived by
division of the critical effect NCEL by uncertainty factors to
account for potential inter-species (animals to humans) and intra-
species (anong all people at risk) variability. For acute, short
term and intermediate exposures, the critical effect NOEL is
identified fromthe appropriate study(ies). This is typically the
end of the dose response assessnent stage in the risk assessnent
process.

B. Ri sk Characterization

Ri sk characterization has been described as the interface
bet ween ri sk assessnent and risk managenent (US EPA, 1995). This
stage involves the integration of the exposure analysis with the
reference dose or critical effects data to derive estinmates of the
potential risks for each exposure and popul ati on of concern. This
stage may i nclude both an iterative approach to ri sk assessnent and
presenting nmultiple risk descriptors. It also should describe the
limtations and uncertainties in all of the earlier steps in the
ri sk assessnent process. VWhat follows is guidance for risk
characterizations for ChE inhibitors. It is an iterative process
using multiple RfDs (or other available data) as risk descriptors
to facilitate ri sk managenent deci sions.

After analysis of the exposure data, calculate margins of
exposure or conpare the anticipated exposure levels to the
reference dose for each situation of interest. A margin of
exposure (MOE) is a conparison made by dividing the NOCEL by an
antici pated human exposure level. This is the procedure used for
acute, short term and internediate exposures, by tradition.
Conpari son of exposures to the RfFD or cal cul ated MOEs are then used
in risk characterizations to eval uate exposures of concern. | f
reviews of RiDs or MOEs | ead to significant concerns, an iterative
sequence of actions may be considered to refine the ri sk assessnent
(itncluding refining the exposure issues which is not described
here).

1. Collect additional data

A conprehensive risk assessnent should describe the dose
effect curves for each conpartnent (plasma, RBC, and brain) or
ot her endpoints (e.g., clinical signs) and would allow estimation
of e.g., ED10s, so that sinple and consi stent conparisons coul d be
made between different conpartnents. G ven that toxicol ogy
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gui deline studies usually have 3 doses, and that one dose is
usual ly chosen to be a NCEL, the dose effect relationship nay be
quite difficult to ascertain. Limted know edge may thus result in
NCELs and associated RfDs that over or underestimate the true
potency of the pesticide. In this situation, data on internedi ate
dose |l evels or replication of a key finding my be needed to better
define the dose effect curves and to nore clearly establish
critical effect levels. Benchmark dose estimation or other curve
fitting my be helpful in sone cases.

In sone cases, study by the dermal or inhalation route may
provide a better and direct means of risk assessnent for those
routes of potential exposure, reducing or elimnating the
uncertainties that may arise fromroute to route extrapol ation.

When nost or all LOELs for different neasures are seen within
a narrow dose range, as in our experience is generally the case,
there is greater confidence in the selection of their associated
NOELs for use in the derivation of RfDs or MOEs. And there will be
| ess debat e about the adversity of the endpoints if direct nmeasures
are invol ved. On the other hand, if significant inhibition in
bl ood conpartnents is seen at much | ower doses than in other ChE
conpartnents or than in functional neasures, there is |ess
coherence in the data set, and there may be nore concern about the
selection of the critical effects. This may reflect data seen in
one study, one species, or be a consistent finding across the
dat abase for a chem cal

I n sone cases, direct neasurenent of ChEl in peripheral neural
or neuroeffector target tissues may be considered. If those
ti ssues are assayed, they would provide direct evidence of ChEl in
peri pheral tissues, and woul d potentially be nore rel evant than the
indirect mnmeasures of the blood. Waile current nethods for
measuring ChEl in peripheral tissues have not been required and may
pose sone technical difficulties, they offer a potential scientific
means to clarify the nmeani ng of bl ood ChE neasures in ani nals.

2. Broaden the scope of critical doses and effects exam ned
and the risk characterization for the expanded data base and dose
effect data

Expand the analysis beyond the use of one critical RfD, by
defining RiDs for all conpartnents, and as conpletely as possible
defining the dose effect data for all critical effects and/or
conpartments. An attenpt to illustrate this idea is provided in
Figure 1. This graph plots Exposure incidence (as a %of exposures)
agai nst dose in ng/kg. Reference doses for bl ood ChEl, brain ChEl
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and clinical signs are indicated by broad bars. A theoretica
exposure distributionis plotted as a curve. R sks of any exposure
and for each effect then can be seen visually. This approach can
then be used for different exposure distributions, which may
represent different cormodities, or different application rates,
etc. One could also graph dose effect curves simlarly for
conparisons, if exposures were high enough (not comon). A simlar
approach coul d be generated to eval uate nmargi ns of exposure.

The rel ati onshi p between exposures and different effects, can
be one factor in defining the |evel of concern for a pattern of
toxicity. For exanple, exposure to a chemcal at |evels greater
than an RfD of 0.01 ng/ kg based on, e.g., blood neasures nay be of
greater concern when the RfD based on brain neasures is only 3
times that level, than when the RfD based on brain nmeasures is at
50 tinmes that |evel

O her critical factors in this broader description of the
pattern of observed toxicity may i nclude the nature and severity of
effects seen; the slope of the dose effect curves for different
effects, and the conpleteness of the effects eval uated. Q her
factors inportant to consider in the total data base are
the nunber of human incidents reported, and the scope of the
effects evaluated. Last, the strengths and weaknesses in the data
base should be summarized and the uncertainties in defining the
critical effects should be clearly docunented.

3. Evaluate exposures in ternms of risk characterization

The objective of the expanded risk characterization is to
provi de as detail ed a neans as possi ble for describing the relation
bet ween exposures and ChE-related effects of all kinds in
gqualitative and quantitative terns. This in turn is ained at
providing risk managers wth analyses that are clear and
transparent and that will serve as a basis for defining consistent
ri sk managenent deci sions.
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